Several pasteurization procedures for alfalfa (Medicago sativa) seeds were investigated to completely disinfect inoculated Escherichia coli (Migula) Castellani and Chalmers ATCC(25922). Hot-water treatments (85˚C for 9 s) were equally or more effective than 20,000 ppm calcium hypochlorite treatments, yielding a reduction of 2 log 10 CFU/g. A greater reduction (4 log) was obtained by soaking the seeds prior to the heat treatments and, in some cases, no inoculated bacteria were detected after enrichment of the seeds in peptone. No survival of inoculated bacteria was detected from the seeds or the sprouts after deeply presoaking (15˚C for 60 min) and treating the seeds with heat, but the germination decreased to 73% along with the yield which fell to 78.4% that of the control. We describe the hot-water treatment as an alternative method to hypochlorite treatments for disinfecting pathogenic bacteria in seeds for alfalfa sprout production.
Sprouts have been identified as presenting a special food safety problem due to the potential growth of pathogens during the sprouting process and the lack of a kill stage before consumption if eaten raw (U.S.FDA 1999a). Epidemiological research has determined that the main problem lies in the contamination of pathogenic bacteria in seeds (U.S.FDA 1999a). Several research projects and experiments have been conducted in an attempt to find a successful method to disinfect pathogenic bacteria in seeds. Jaquette et al. (1996) evaluated chlorine and hot water treatments for their effectiveness in killing Salmonella Stanley inoculated alfalfa seeds with a population of 10 2-3 CFU/ g. Their results showed that 2040 ppm of active chlorine solution or hot water treatments of м57˚C for 5 min were effective in reducing the population of Salmonella Stanley to an undetectable level (<1 CFU/g). Piernas and Taormina's studies (Piernas & Guiraud, 1997; Taormina & Beuchat, 1999) have shown the effectiveness of sodium hypochlorite solution at 60˚C and 55˚C, respectively. Delaquis et al. (1999) reported effective disinfection of mung beans with gaseous acetic acid. We experienced good results from hot-water treatments of mung beans and black grams to disinfect fungi (which creates spoilage in bean sprouts) during cultivation, and improved this system for the commercial production of mung bean sprouts (Suzuki & Takizawa, 1997) . Here we tested a hot-water treatment for alfalfa (Medicago sativa) seeds and with the goal of disinfecting inoculated bacteria in the seeds. We tried several heat treatments and discovered effective ways of disinfecting the inoculated bacteria, Escherichia coli (Migula) Castellani and Chalmers ATCC(25922); these are easy to test and employ in sample handling conditions, especially in practical large-scale experiments which are difficult to carry out safely using a strong human pathogen. The relationship between soaking prior to heat treatment and the reduction of germination was evaluated and the possibility of applying this to the practical production of alfalfa sprouts was discussed.
Materials and Methods
Plant materials Alfalfa seeds were obtained from the International Specialty Supply (Cookeville, TN), and kept in a warehouse at below 15˚C for up to 3 years. We also tested the efficiency of the treatments with other seeds from different suppliers and in different harvest years.
Strain and inoculation of seeds E. coli ATCC25922 (E. coli) (a clinical isolator which was obtained from the F&S Research Center of the B.M.L. Corporation) was maintained on YP medium agar (0.5% yeast extract, 1% peptone, 0.5% sodium chloride and 1.5% agar) in a freezer at below -30˚C. The microorganism was cultured with shaking in a flat-bottom flask with 50 ml of YP medium (pH 6.8) at 37˚C, 148 rpm overnight and was used as an inoculum. Seeds were inoculated by the method of Jaquette et al. (1996) with some modifications. The overnight cultured inoculum was diluted to 10 -3 in sterile 0.1% peptone water. Sterilized, distilled water was used instead of peptone water for inoculated seed groups A and B as a preliminary trial (Table 1) . The final inoculum concentration of E. coli was approximately 5¥10
6 CFU/ml. The inoculum was added to the seeds (l l of inoculum/1 kg of seeds) and gently mixed for 1 min. Excess inoculum was discarded and the inoculated seeds were placed on autoclaved paper towels in plastic trays. They were allowed to dry under a laminar flow hood for 24 h at room temperature using an air conditioner at 25˚C. They were then placed in plastic bags and kept at a constant room temperature for 48 h before being stored at 5˚C until used. The initial population of the seeds was counted in a similar manner to that described for heat treated or calcium hypochlorite treated seeds in microbiological methods. Inoculated seed groups are shown in Table 1 .
Hot-water treatment of inoculated seeds Five grams of E-mail: enomoto@daisey.co.jp seeds were put in a nylon or stainless steel net (teaball, inner diameter 75 mm). For the first stage of the heat treatment (preheating), the seeds were dipped in hot water (40 to 75˚C) for approximately 9 s, and for the final hot-water treatment, they were dipped in hotter water (indicated temperature±0.5˚C) in a water bath for 9 s. Then the bags were immediately dipped in cool tap water (approximately 15 to 22˚C) for about 9 s to cool. These 9 s periods were measured with a stop watch, which means that the actual time was between 9 to 10 s. The time taken between taking out and dipping into the water was 3 to 5 s and more than three liters of water was used for each heat-treatment. Three samples were tested by each treatment and the experiment was conducted at least twice. The repetitions were done using different inoculated seed groups and seed lots. Hot water treatments using commercially available machinery (Daisey Machinery Co., LTD.), were performed on seeds mixed in with inoculated seeds (with inoculated seeds being 10% of the total) using the above mentioned hot-water treatment method and were tested for the effects of disinfection by cultivation tests.
Presoaking of seeds For some experiments, the seeds were presoaked for 30 or 60 min in water at a temperature of 15 or 25˚C prior to the heat treatment.
Calcium hypochlorite treatment Five grams of inoculated seeds were put in a 100 ml aqueous solution (previously stirred for 20 to 30 min) of 3% calcium hypochlorite (available chlorine=58-62%) and stirred for 10 min at room temperature. 20,000 ppm free chlorine was measured with chlorine test kits from Sibata Scientific Technology, LTD. (Tokyo), which uses the o-tolidine method (Pharmaceutical Soc. Japan, 1990). The solutions were then discarded and the seeds were rinsed four times with about 500 ml of sterile distilled water.
Seed viability test after the treatment Five grams of noninoculated seeds were treated with heat or calcium hypochlorite as described above, 20 of these seeds were placed in petri dishes lined with moist paper towels and the percentage of seeds germinating after four days at 25˚C was determined. Five petri dishes were used for each treatment and the experiments were replicated at least three times. One to three kilograms of seeds were treated with machinery (Daisey Machinery Co., LTD.) using the above hot-water treatment methods. The treated seeds were then placed in plastic tubs in the dark and sprayed with water (approximately 20˚C) every six hours. After five days of cultivation, the sprouts were harvested and the yields were compared with the control.
Microbiological methods Five grams of treated seeds were put in sterilized plastic bags mixed with 10 ml of sterile 1% peptone water and were ground for 30 s using a hand roller. Serial dilutions were prepared with sterile 1% peptone water and aliquots (10 l) were surface plated on Chromocult coliform agar TM (Merck). Undiluted samples (20 and 100 or 200 l) were also plated and all plates were incubated at 34˚C for 48 h. Seed homogenates in the peptone solution were kept at 34˚C overnight as an enrichment procedure for the detection of remaining E. coli. If the survival of E. coli was not detected on the original plates, the solutions (200 l) were plated as stated above. Several 5 to 10 gram samples (more than three) of alfalfa sprouts grown from treated seeds were also tested using this method and the population of E. coli, along with its survival after enrichment, was counted.
Relationship between presoaking, water absorption, and germination Three groups of five grams of seeds were soaked in water at a temperature of 15 or 25˚C and the water absorption was measured after certain periods of time.
Results
For practical use of heat treatment, a good amount of seeds (10-200 kg) should be treated with machinery for one or two hours every day at the grower's factory. It is also necessary to treat each and every single seed the same. We therefore selected the heat treatment methods that deal continuously with small amounts of seeds for short times (9 s). After the two step hotwater treatment of 9 s, the germination percentage slightly decreased with the increase in final hot water temperature, and the percentage after treatment at 85˚C for 9 s was 93±2% (Fig. 1) . We regarded the reduction of 4% from the control (97±1%) as a permissive level for cultivation because the seeds grow well and produce sprouts without substantial damage. Also a harvest loss within 5% would be acceptable for growers. In preliminary tests, several groups of alfalfa seeds inoculated with E. coli were treated under this condition (85˚C for 9 s). After the heat treatments, the population of surviving E. coli ranged from 10 2 to 10 3 CFU/g, up to a 3 log reduction (Table 2) ; when the seeds were ASC96-0636 (1996) , CAL/WEST Seeds 8-6001 (1998) and Green Gene's Seeds 7041 (1998), respectively. Seed samples #1 and #2 were harvested in California and the harvest location of #3 is unknown. According to the suppliers, these seed lots had not been scarified. None of E. coli were originally detected by enrichment of triplicate 5 g samples from each lot. The percentage of injured seeds on which we observed a scar or crack in the seed coat under a stereo microscope of #1 in paper sack, #1 in plastic bag, # 2 and # 3 was 2.5±0.4, 2.0±0.2, 0.9±0.5 and 0.6±0.2, respectively. (mean±S.D.) Fig. 1 . Influence of hot-water treatment on germination of seeds. Seeds were treated with hot water at a certain temperature for 9 s after the first stage heat treatment of 40˚C, 9 s (mean±S.D.) presoaked prior to heat treatment, however, the efficacy increased (Table 3) . Short presoaking (15˚C for 30 min) was also enough to reduce inoculated E. coli to undetectable levels on the plate count of the remaining population of E. coli , although in a few cases, some of the bacteria was present after enrichment. A longer treatment of presoaking (15˚C for 60 min) seemed to completely kill off E. coli in seeds as the overnight test of the peptone solution with the seeds also turned up negative in most cases.
It seemed that the results of the hot-water treatment of seeds for disinfecting E. coli differed for each level of the inoculated seed groups. We compared these effects with the FDA recommended calcium hypochlorite treatment using the same group of inoculated seeds (group F): the hot-water treatment was 1 log more effective than calcium hypochlorite treatment when the seeds were not presoaked (Table 4) . When presoaked, the plate counts were zero in the tests directly after the heat treatment; the enrichment test was also concluded to be negative when presoaking was longer (15˚C for 60 min) and the presoaking temperature was higher (25˚C). Presoaking was very effective in disinfecting, but it tended to reduce the seeds' viability for growth. Although the values were not significantly different from the heat treated seeds without presoaking, presoaking for 30 min at 15 and 25˚C prior to hot-water treatments lowered the seed germination (Table 4) . Longer presoaking for 60 min at 15˚C significantly reduced the germination percentage to 73%. Thus soaking of the seeds prior to heat treatments reduced germination with the values depending on the level of presoaking. We tested the water absorption of the seeds after each presoaking and found that the absorption percentage increased when the water temperature was higher and the soaking duration was longer (Fig. 2) . The water absorption percentage of soaking at 15˚C for 60 min was little higher than that of soaking at 25˚C for 30 min, while the germination decreased at a higher level in the former (Fig. 2 and Table  4 ). Seedlings treated by presoaking, pre-heating and hot water grew healthily after germination. However, slight damage such 
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0/3 N.D.: Not detected. (<15CFU/g) *Duration of the first stage of heat treatment was 9 s. **E. coli test of the peptone water cultured with the seeds overnight. ***Presoaking in 80 ppm sodium hypochlorite solution diluted with distilled water. ****Only enrichment tests were done. Table 4 . Effect of various heat treatments and calcium hypochlorite treatment on the germination rate, population of E. coli ATCC25922 inoculated onto alfalfa seeds and enrichment test results of seeds in peptone water (Initial population of E. coli =1.7 ¥ 10 4 CFU/g).
Treatment
Population CFU/g Negative after enrichment** Germination*** (%±S.D.) as leaf burns was observed at the tip of the cotyledons in some sprouts. Cultivation tests were done with typical presoaking methods for 30 min (shallow presoaking) and 60 min (deep presoaking), both at 15˚C. There was a great reduction in the average harvest amount with the heat treated seeds after deep presoaking (Table  5) . With shorter presoaking (15˚C for 30 min), the harvest amount was not reduced as much. We found no differences in sprout shape or size between heat treated and control seeds. After the cultivation test with inoculated seeds, the seeds and sprouts were negative for seeds presoaked in 15˚C water for 60 min, but with slight presoaking of 15˚C for 30 min, E. coli was detected after enrichment of the seeds and the sprouts. The survival of E. coli in sprouts was not detected in most cases although one sprout sample showed 7.6 ¥ 10 3 CFU/g (Table 5 ).
Discussion
It is preferable not to use strong chemicals on vegetables because sprouted vegetables are foods which are often eaten fresh or only lightly cooked after rather short periods of cultivation (about a week). Some chemical residue thus remains in sprouts even if applied before germination. Hypochlorite reportedly has been combined with organic substances to produce chloroform (Hidaka et al., 1997) . To make the problem even worse, seeds of alfalfa sprouts, which have comparatively weak coats, are harvested by machines and can be broken easily (Wick, 1999) . When contaminated by disease germs from the outside, the interior of the seeds is also believed to be contaminated. Although there is a possibility that chemicals may enter damaged seeds, most chemicals, such as hypochlorite are not believed to affect the interior of intact seeds. There have been some cases where the effect of disinfection is not sufficiently obtained using a high concentration hypochlorite (Piernas & Guiraud 1997; Taormina & Beuchat 1999) . We tested one pattern of 20,000 ppm calcium hypochlorite treatment, but our results showed that this was not enough to completely disinfect the inoculated bacteria. We believe this was because the outside of the seeds was disinfected but the remaining contamination spread through the seed interior. The hot-water treatment will affect the inside of the seed coat to some extent and the presoaking of seeds in water (so that the seed coats are swollen), improves the heat transfer to the seed coat interiors while removing air bubbles that exist between the seed coats and the embryos (Agarwal & Sinclair, 1997) . Therefore, we believe that the heat of the subsequent high temperature treatments can enter through damaged portions and can destroy the inoculated bacteria that exists inside the seed coats. Alfalfa seeds are small (1.2¥2 mm) and thin (1 mm), making it easier to treat them with hot-water within a short period. It is important to know that certain conditions for presoaking exist with regard to disinfection and we can judge these optimal presoaking conditions by measuring the seed water absorption after a trial soaking. Presoaking is conducted at temperatures close to those of the water used at local factories. It seems that the seed viability is not affected by the temperature of the water, but rather by the water absorption rate. We presume from Fig. 2 that water absorption of about 20% is adequate for total disinfection.
Regarding practical uses of this treatment for the alfalfa sprout industry, the reduction of harvest, which results in the improvement of disinfection efficacy, should be a concern. Nevertheless, contamination levels of seeds will differ for each lot and there is still the possibility of heavily contaminated seeds. The FDA has admitted that it is impossible to disinfect all pathogenic bacteria in seeds. Sampling and microbial testing of spent irrigation water during sprout production of the FDA Guidance for Industry will become important (FDA, 1999b) . The FDA guidelines also refer to the sanitary conditions of sprout factories. In our heat treatment system, water used for presoaking and the equipment used should be sterilized with disinfectants.
We used E. coli ATCC as typical bacteria representing E. coli O157:H7 and Salmonella which are main pathogens in alfalfa sprouts. There is a possibility, however, that naturally occurring pathogens are not as susceptible to heat treatment, and there are AE hot-water* 9.8±0.1 78.4 --**** control 12.5±0.3 100 *Seeds were treated with hot-water (pre-heated at 50˚C and then heated at 85˚C for 9 s each). **One kg of non-inoculated seeds was used and cultured for 5 days. ***Contained inoculated seeds (group F) which are 10% of the total. ****E. coli were also not detected after enrichment of sprouts in peptone water. also heat resistant bacteria and microorganisms in alfalfa seeds. These data apply only to E. coli ATCC.
